Recent studies have revealed that long noncoding RNA HNF1A-antisense 1 (HNF1A-AS1) plays an important role in the development of several human malignancy entities. However, the expression and function of HNF1A-AS1 in the carcinogenesis and development of osteosarcoma remains unknown. In this study, we detected the HNF1A-AS1 levels in human osteosarcoma tissues and cell lines by quantitative real-time polymerase chain reaction (qRT-PCR), and investigated its role in osteosarcoma by using in vitro assays. Our study showed that HNF1A-AS1 expression was significantly up-regulated in human osteosarcoma tissues and cell lines compared with their normal counterparts, and its expression level was positively correlated with the distance metastasis (P = 0.009) and tumour stage (P = 0.019). Moreover, Kaplan-Meier curves with the log-rank test showed that higher expression of HNF1A-AS1 conferred a significantly poorer survival and multivariate Cox proportional hazards analysis revealed that HNF1A-AS1 was an independent risk factor of overall survival. In addition, the expression of HNF1A-AS1 in serum is correlated with patients' status and receiver operating characteristic (ROC) curve analysis demonstrated that HNF1A-AS1 could distinguish patients with osteosarcoma from healthy individuals (the area under curve 0.849, P < 0.001). Furthermore, in vitro knockdown of HNF1A-AS1 by siRNA significantly inhibited cell proliferation and G 1 /S transition, and suppressed migration and invasion by reducing the epithelial-mesenchymal transition (EMT) program in osteosarcoma cells. Taken together, our data suggested that HNF1A-AS1 is a novel molecule involved in osteosarcoma progression, which may provide as a potential diagnostic, prognostic biomarker and therapeutic target.
Introduction
Osteosarcoma is one of the most common type of primary sarcoma of the bone cancer in orthopaedics [1, 2] . Although wide tumour excision is effective on primary disease, in addition to currently widely adopted adjuvant chemotherapy and radiotherapy on metastatic lesions, the cure rate of osteosarcoma patients remain dismal [3, 4] . Therefore, understanding the exact molecular mechanisms underlying the histological heterogeneity, development of metastasis and drug resistance is essential for illustrating the molecular pathogenesis of osteosarcoma, as well as developing novel targets for the diagnosis, prognosis and treatment of osteosarcoma.
Long non-coding RNA (lncRNA) belong to a class of RNA molecular that is longer than 200 nucleotides and cannot be translated into a protein, which take part in the control of gene and protein function through multiple mechanisms including the genetic, transcriptional and post-transcriptional level [5] . LncRNA is implicated in cell fate determination and human disease pathogenesis [6, 7] . Particularly, the dysregulation of lncRNAs could play important roles in many types of cancer including osteosarcoma [8] . For example, the expression level of lncRNA HOTAIR was over-expressed in osteosarcoma tissues, and a SNP located in HOTAIR gene (rs7958904) was significantly associated with decreased risk of osteosarcoma [9] . In addition, some studies have demonstrated that abnormal expression of various lncRNAs, such as H19 [10] , loc285194 [11] and MALAT1 [12] , are functionally participated in osteosarcoma carcinogenesis and progression. However, the role of lncRNAs in osteosarcoma tumour development has only recently been investigated and remains largely unknown [13] .
LncRNA HNF1A antisense RNA 1 (HNF1A-AS1) is located on chromosome 12q24.31, a region frequently altered in renal cell carcinoma [14] , cutaneous T-cell lymphoma [15] , neuroblastoma [16] and oesophageal carcinoma [17] . Previous studies identified HNF1A-AS1 as a functional lncRNA-HNF1A-AS1 was significantly up-regulated in oesophageal adenocarcinoma and lung adenocarcinoma tissues; increased HNF1A-AS1 expression could regulate cell proliferation and metastasis in lung adenocarcinoma [18] , while knockdown of HNF1A-AS1 significantly inhibited cell proliferation, migration and invasion in oesophageal adenocarcinoma [19] . Recently, by using microarray analysis, HNF1A-AS1 was found up-regulated in human osteosarcoma [13] . However, little is known about the association between HNF1A-AS1 expression levels and carcinogenesis and prognosis, in osteosarcoma.
In this study, we investigated the role of lncRNA HNF1A-AS1 in human osteosarcoma. First, we investigated the expression of HNF1A-AS1 in human osteosarcoma tissues, serum and cell lines by qRT-PCR. Second, the correlation of HNF1A-AS1 expression in osteosarcoma tissues with clinicopathologic features and prognosis in, as well as different disease status in serum, were analysed. Finally, in vitro cell biological assays in combination with small interfering RNA (siRNA)-mediated knockdown were performed to probe the functional relevance of HNF1A-AS1 in osteosarcoma.
Materials and methods

Patients and patient samples
Between 2007 and 2012, Osteosarcoma tissues and adjacent nontumour tissues were obtained from 72 osteosarcoma patients undergoing surgery at department of orthopaedic, the First Affiliated Hospital of Soochow University. None of the patients received preoperative chemotherapy or radiotherapy, or blood transfusion before surgery. All tissue samples were immediately snap frozen in liquid nitrogen after surgery and stored at À80°C until RNA extraction. The use of the tissue samples for all experiments was approved by Ethics Committee of The First Affiliated Hospital of Soochow University. Written informed consent was obtained from all participants. All patients' slides were reviewed to confirm the diagnosis and to classify the tumour according to the sixth edition of the tumor node metastases (TNM) classification of the International Union Against Cancer (UICC). Patients with evidence of other malignancies or diseases were excluded from this study. Forty-three patients completed the standard therapeutic regimen including surgical resection with wide or radical margin followed by adjuvant chemotherapy. The clinicopathologic characteristics of patients, including age, sex, alkaline phosphatase (ALP), tumour size, tumour location, initial metastasis, post-operative chemotherapy and tumour stage are described in Table 1 .
We collected 30 blood samples in patients with osteosarcoma at 1 hr before surgery and 7 days after surgery, respectively. Meanwhile, 23 samples were obtained from patients after systemic post-operative treatment, and 22 samples from patients who without any post-operative treatment had experienced recurrence during follow-up period. Twenty-four patients with benign bone tumour (six cases of osteoclastoma, six cases of osteoidosteoma, six cases of osteochondroma and six cases of chondroblastoma) were collected. In addition, 21 age-and sex-matched healthy individuals were enrolled as the control group, and they were underwent medical examination to exclude the evidence of tumour. All sera were collected using standard procedures.
Cell culture, reagents and transfection
Human HOS, U2OS, SAOS-2, MG63, SOSP-9607 and 143B osteosarcoma cell lines, and the human osteoblast hFOB1.19 and NHOst were purchased from Shanghai Ruilu Technology Co. (Shanghai, China). Cells were cultured in Dulbecco's modified Eagle medium (DMEM)/high glucose supplemented with 10% foetal bovine serum (FBS; Gibco, Carlsbad, CA, USA) and 1% penicillin and streptomycin (Invitrogen, Carlsbad, CA, USA). And cells were incubated in a humidified incubator at 37°C with 5% CO 2 .
Anti-GAPDH (sc-365062), anti-Vimentin (sc-373717), anti-N-cadherin (sc-393933), anti-E-cadherin (sc-7870), mouse monoclonal antibodies and the horseradish peroxide-conjugated mouse IgG secondary antibody (sc-2025) were purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). Two different anti-human siRNAs of HNF1A-AS1 and scramble siRNA, purchased from Life Technologies (Carlsbad, California, USA) were used: HNF1A-AS1 siRNA1 (Cat. no. n265374), HNF1A-AS1 siRNA2: (Cat. no. n265377). Cells were transfected with HNF1A-AS1 siRNAs or scramble using Lipofectamine 3000 (Invitrogen) according to the manufacturer's protocol.
Cell proliferation assay and cell cycle analysis
The cell proliferation assay was evaluated using a Cell Counting Kit-8 assay (CCK-8; Dojindo, Gaithersburg, MD, USA) according to the manufacturer's protocol. Briefly, 3 9 10 3 cells/well incubated in 100 ll culture medium in 96-well plates and treated with 10 ll/well of CCK-8 solution during the last 4 hr of culture. The absorbance at 450 nm was measured in a ThermoMax Microplate Reader (Molecular Devices, Sunnyvale, CA, USA).
For cell cycle analysis, after transfection for 48 hrs, cells were harvested and fixed with ethanol overnight, then stained with propidium iodide (PI; Calbiochem, San Diego, CA, USA), and examined with a fluorescence-activated cell sorting (FACS) flow cytometer (Beckman Coulter, Pasadena, CA, USA).
Cell migration and invasion assay
Cells were grown to 70-80% confluence in 12-well plastic dishes and were treated with si-HNF1A-AS1 or si-NC. Then, 24 hrs after transfection, for migration assays, 1 9 10 5 cells in serum free media were seeded in Transwell migration chambers (8 lm pore size; Millipore, Billerica, MA). For invasion assays, the upper chamber of these Transwell inserts was coated with Matrigel (Sigma, St. Louis, MO, USA ). Medium containing 20% FBS was added to the lower chamber. After 24 hrs, the nonmigrated or non-invading cells were removed with cotton wool. Migrated or invasive cells located on the lower surface of the chamber were fixed with methanol, stained with Giemsa stain (Sigma) and then were counted using a microscope (Olympus, Tokyo, Japan) at 2009 magnification. Each experiment was performed in triplicate.
RNA extraction and qRT-PCR analyses
Total RNA was isolated from tissues and cells by Trizol reagent (Invitrogen), cDNA was synthesized from 1 lg total RNA using a Reverse 
Western blot analysis
The cells lysates were added with sample buffer and boiled at 95°C for 5 min. Protein samples were separated using 10% sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto nitrocellulose membranes. The membranes were blocked by 5% BSA for 30 min. and incubated with the primary antibodies at 4°C overnight, followed by incubation with secondary antibodies. Proteins were visualized using an enhanced chemiluminescence method kit (GE Healthcare Life Sciences, Piscataway, NJ, USA), and the protein band intensity was quantified via densitometric analysis using Quantity One software (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Statistical analysis
All statistical analysis was performed with SPSS, version 22.0 (SPSS, Inc., Chicago, IL, USA). Each experiment was repeated three times. The chi-square and t tests were performed to explore the association between the HNF1A-AS1 expression level and the clinicopathologic features. ROC curve was constructed for serum HNF1A-AS1 and ALP levels, and the area under curve (AUC) was calculated to compare the ability of prediction for patients with osteosarcoma and healthy individuals. Overall survival curves was calculated by using Kaplan-Meier method, with the log-rank test. The Cox proportional hazards model was used in the univariate and multivariate analysis. All tests were two-sided, and a P value <0.05 was considered to be statistically significant.
Results
HNF1A-AS1 is up-regulated in osteosarcoma tissues and correlates with poor prognosis
To evaluate the expression of lncRNA HNF1A-AS1 in osteosarcoma, we conducted qRT-PCR in 96 patients with osteosarcoma. Our results showed that HNF1A-AS1 expression in human osteosarcoma tissues was significantly higher than that in adjacent non-tumour tissues ( Fig. 1A , P = 0.018). In addition, the expression level of HNF1A-AS1 was significantly higher in lung metastases compared with paired primary osteosarcoma (P = 0.024, Fig. 1B) . Furthermore, increased expression of HNF1A-AS1 was observed in local recurrences compared with paired primary osteosarcoma (P = 0.003, Fig. 1C) .
Based on the expression levels of HNF1A-AS1 obtained by qRT-PCR, we divided the 72 osteosarcoma patients into a high-HNF1A-AS1 expression group and a low-HNF1A-AS1 expression group according to the median expression level of HNF1A-AS1 [20] . The associations between clinicopathologic characteristics and HNF1A-AS1 expression were summarized in Table 1 . Our results showed that high HNF1A-AS1 expression level was correlated with tumour metastasis (P = 0.009), chemotherapy (P = 0.031) and tumour stage (P = 0.019). However, high HNF1A-AS1 expression was not associated with other clinicopathologic characteristics of osteosarcoma patients, including age, gender, tumour size, tumour location, as well as serum ALP level (P > 0.05, Table 1 ).
When linked to the prognosis, the Kaplan-Meier method and logrank test showed that patients with high levels of HNF1A-AS1 expression in osteosarcoma tissues had significantly shorter overall survival (P = 0.009, Fig. 1D ) than those with low levels. Univariate Cox proportional hazards regressions model analysis demonstrated that distant metastasis, serum ALP level, concurrent chemotherapy, tumour stage and HNF1A-AS1 expression were correlated with the overall survival of osteosarcoma patients (Table 2 ). Multivariate analysis using the Cox proportional hazard model confirmed that distant metastasis, tumour stage and HNF1A-AS1 expression were independent prognostic factors for overall survival (Table 2 ). These findings indicated that overexpression of HNF1A-AS1 may contribute to the pathogenesis and progression of osteosarcoma.
Serum HNF1A-AS1 levels correlate with disease status of osteosarcoma patients To investigate whether the expression level of HNF1A-AS1 change along with disease status of osteosarcoma patients, HNF1A-AS1 relative expression levels were detected in the sera of pre-operative and post-operative osteosarcoma patients, and healthy donors. Our results suggested that HNF1A-AS1 expression levels were obviously higher in the pre-operative patients (53.83 AE 1.76) compared with the healthy donors (20.78 AE 2.79; P < 0.01), or the post-operative patients (37.71 AE 2.23; P < 0.01) (Fig. 2) . This suggested that HNF1A-AS1 overexpression was derived from osteosarcoma. The HNF1A-AS1 expression levels was further explored in patients with benign bone tumour, osteosarcoma patients underwent post-operative chemotherapy, or with tumour recurrence. Our results indicated that the expression levels of HNF1A-AS1 were significantly decreased in patients with post-operative chemotherapy (19.14 AE 2.21) to a level that was similar to that of healthy donors and patients with benign bone tumour (23.63 AE 2.27). Furthermore, HNF1A-AS1 expression was obviously elevated in patients with disease relapse (44.52 AE 1.55) compared with the post-operative treated patients (P < 0.01). Our results showed that HNF1A-AS1 expression was changed dynamically and associated with disease status in osteosarcoma.
Diagnostic value of HNF1A-AS1 in patients with osteosarcoma
To further evaluate whether HNF1A-AS1 in sera can be a potential diagnostic biomarker for patients with osteosarcoma, a ROC curve using serum ALP and HNF1A-AS1 was established for 30 osteosarcoma patients (by using the serum collected at 1 hr before surgery) and 21 healthy individuals. As shown in Fig. 2B , the AUC for HNF1A-AS1 was 0.845 [95% confidence interval (CI), 0.759-0.910], with a sensitivity of 87.2% and a specificity of 88.9%, and in our cohort, the AUC for ALP was 0.561, with a sensitivity of 34.6% and a specificity of 88.2%, the diagnostic power of HNF1A-AS1 was more effective than ALP at distinguishing osteosarcoma from healthy individuals (P < 0.001). Suppressing HNF1A-AS1 expression decreases osteosarcoma cell growth and metastasis To investigate the baseline expression level of HNF1A-AS1, we conducted qRT-PCR in six osteosarcoma cell lines (HOS, U2OS, SAOS-2, MG63, SOSP-9607 and 143B) and two human osteoblasts (hFOB1.19 and NHOst). And HNF1A-AS1 was up-regulated in all of the six analysed osteosarcoma cell lines compared with the human osteoblasts (all P < 0.05, Fig. 3A) . The MG63 and U2OS cell lines exhibited the highest HNF1A-AS1 expression levels and were thus chosen for the subsequent in vitro knock-down experiments. We next measured the nuclear and cytoplasmic expression level of HNF1A-AS1 in MG63 and U2OS cells by qRT-PCR. The differential enrichments of GAPDH and MALAT1 were used as fractionation indicators. We observed a considerable higher in HNF1A-AS1 expression in the nucleus versus the cytoplasm (Fig. 3B) .
To explore the role of HNF1A-AS1 in development of osteosarcoma, MG63 and U2OS cells were transfected with HNF1A-AS1-siRNAs or Scramble with high transfection efficiency (Fig. 3C , P < 0.05). Then, the effects of HNF1A-AS1 on the cell growth of osteosarcoma cells were checked by CCK-8 assay. As shown in Fig. 3D , the proliferation of MG63 and U2OS cells was significantly reduced after knockdown of HNF1A-AS1 (P < 0.05). Accompanying with this inhibition of cell proliferation, our result showed a significant increase in the percentages of cells in G1-phase but decreased proportions of S-phase cells in both HNF1A-AS1-siRNAs transfected MG63 and U2OS cells (Fig. 3E) .
To investigate whether declined expression of HNF1A-AS1 can affect the migration and invasion of osteosarcoma cells, we examined the rate of HNF1A-AS1-siRNAs transfected MG63 and U2OS cells migration by Transwell assays. As shown in Fig. 3F , the migration and invasion capacity of MG63 and U2OS cells was significantly reduced after knockdown of HNF1A-AS1 (P < 0.05).
HNF1A-AS1 silencing influence the expression of EMT-related proteins in osteosarcoma cells
To investigate the potential mechanisms underlying the poor migration and invasion of HNF1A-AS1 knockdown cells, we analysed the relative levels of EMT-related molecules and metastatic regulators in HNF1A-AS1 siRNAs and Scramble transfected cells by western blot assay. The result showed that the relative levels of N-cadherin, Vimentin and b-catenin expression were significantly lower in HNF1A-AS1 siRNAs transfected cells than that in Scramble transfected cells, whereas the levels of E-cadherin were significantly higher (Fig. 4 , P < 0.05). Together, these results indicate that HNF1A-AS1 knockdown inhibits the malignant phenotypes of osteosarcoma cells, which might be attributed to the regulation of EMT-related proteins expression.
Discussion
In this study, we explored the expression of lncRNA HNF1A-AS1 and its biological functions in osteosarcoma. We confirmed that HNF1A-AS1 was overexpressed in osteosarcoma. Clinically, high expression levels of HNF1A-AS1 correlated with worse survival of osteosarcoma patients, indicating that HNF1A-AS1 might be a novel prognostic indicator for patients with osteosarcoma. In addition, the expression of HNF1A-AS1 in sera is correlated with disease status and may serve as a molecular indicator for osteosarcoma diagnosis, as well as evaluating therapeutic efficacy. Furthermore, our in vitro experiments indicated that HNF1A-AS1 contributes to osteosarcoma cell growth by promotes G 1 /S transition, and induces metastasis of osteosarcoma via induction of EMT.
The lncRNA HNF1A-AS1 (NR_024345) was firstly found as a strongly over-expressed non-coding transcripts (2455 bases in humans) in oesophageal adenocarcinoma, and implicated in various of malignant biological behaviors of oesophageal adenocarcinoma cells [19] . Recently, by microarray analysis, Li and colleagues identified that HNF1A-AS1 was also up-regulated in osteosarcoma [13] . However, the possible role and associated molecular mechanisms of HNF1A-AS1 in osteosarcoma are yet to be clarified. By qRT-PCR, this study verified that the expression level of HNF1A-AS1 were up-regulated in osteosarcoma tissues and cells compared with their normal counterparts, suggesting that the overexpression of HNF1A-AS1 may also be an important molecular event in osteosarcoma.
The correlation of HNF1A-AS1 overexpression with a higher tumour burden including presence of distance metastasis and advanced TNM stage in our study, suggesting that HNF1A-AS1 may accelerate tumour progression in osteosarcoma mainly via stimulating malignant phenotype of osteosarcoma cells, which was supported by the results of knockdown of HNF1A-AS1 in MG63 and U2OS cells. Considering that the clinical stage was majorly concerned about tumour growth and metastasis, it was not surprising that the expression of HNF1A-AS1 was tightly correlated with tumour stage. Indeed, HNF1A-AS1 might push the advance of clinical stage by inducing tumour growth, migration and invasion in osteosarcoma. Therefore, it was reasonable that overexpression of HNF1A-AS1 confer poorer survival in osteosarcoma patients, and it was considered to be an independent prognostic indicator for overall survival. Taken together, monitoring the levels of HNF1A-AS1 might be an effective biomarker for the prognosis prediction of osteosarcoma.
It is well known that lncRNAs are detectable in circulating system of cancer patients, given the versatile roles played by lncRNAs in human malignancies, it is not surprising that the expression levels of lncRNAs may be indicators of the intrinsic characteristics of tumours, and therefore may be utilized as a tool for cancer diagnosis and disease status monitoring [21, 22] . In this study, we collected sera of osteosarcoma patients in different disease status, patients with benign bone tumour and healthy donors, then compared the expression levels of HNF1A-AS1 among these subgroups. We found that the serum HNF1A-AS1 levels were higher in pre-operative patients compared with healthy donors and patients with benign bone tumour, and similar results were observed in postoperative patients. Furthermore, its expression levels were elevated again in patients who had experienced disease recurrence. These results indicated that serum HNF1A-AS1 levels was closely associated with disease status and could be used to monitoring disease status. In addition, we also assessed the ability of serum HNF1A-AS1 in distinguishing osteosarcoma from healthy individuals. Our results demonstrated that the diagnostic performance of HNF1A-AS1 was significantly higher than that of ALP, indicate that serum HNF1A-AS1 should be further evaluated as novel non-invasive biomarkers for discriminating osteosarcoma from benign bone tumours or healthy individuals. As a widely useful diagnostic biomarker for osteosarcoma patients, ALP is found to confer good specificity and sensitivity for the diagnosis of osteosarcoma, whereas its use in teenagers is problematic because ALP levels are affected by age, gender and pubertal stage [23] . Whether this short board is also meet by serum HNF1A-AS1, or HNF1A-AS1 is an independent molecular indicator, need for further large-scale and multi-centre studies to verify. Furthermore, we studied the effect of lncRNA HNF1A-AS1 on the biological function of osteosarcoma cells, and found that knockdown of HNF1A-AS1 significantly reduced osteosarcoma proliferation, suppressed S-phase entry and inhibited migration and invasion in vitro. Mechanically, HNF1A-AS1 function as an oncogene in osteosarcoma through regulation of EMT-related proteins. Previous studies have shown that several cancer-related gene, such as H19 and DNMT1, exhibits correlation with HNF1A-AS1, which may play roles in the HNF1A-AS1-mediated inhibition of cancer progression [18, 19] . It has been proved that HNF1A-AS1 may mediate the binding of DNMT1 to E-cadherin which decreases the E-cadherin and induces EMT in lung adenocarcinoma [18] . However, as the molecular mechanism of one lncRNA may differ between different tissues and cell types, HNF1A-AS1 might regulate osteosarcoma cell tumorigenesis and metastasis through different potential targets, and the specific target genes controlled by HNF1A-AS1 in osteosarcoma require further studies to illustrate.
Conclusions
Our results suggested that lncRNA HNF1A-AS1 expression was upregulated in osteosarcoma and was associated with the biological aggressiveness and progression of osteosarcoma. Moreover, the expression of HNF1A-AS1 in sera is correlated with patients' status and may serve as a novel biomarker in osteosarcoma diagnosis, as well as disease status monitoring. Furthermore, knockdown of HNF1A-AS1 could inhibit cell proliferation and suppress G1/S transition, reduce the migration and invasion of osteosarcoma cells in vitro by induce EMT program. These findings demonstrated that HNF1A-AS1 could serve as a potential biomarker and therapeutic target for osteosarcoma.
